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• TFB was effective on Trichodina
heterodentata control in Piaractus
mesopotamicus.
• TFB was effective on T. magna,
T. compacta e T. centrostrigeata in
Oreochomis niloticus.
• The most effective TFB
concentration was those which
obtained the higher survival rate.
• TFB has not caused physical and
chemical alterations on the water
during the treatment.
• TFB was practically non-toxic for
O. niloticus and P. mesopotamicus.
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A B S T R A C T
In this study we describe the anti-Trichodina effects of teﬂubenzuron (TFB) for Oreochromis niloticus and
for Piaractus mesopotamicus. We also evaluated the acute toxicity, for both species, by using TFB in the
concentrations of 700.0, 800.0, 900.0 and 1000.0 mg L−1 and a control, without the drug. To assess the
eﬃcacy of TFB against Trichodina spp., we used the concentrations of 30.0 or 50.0 mg L−1 for one hour
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exposure in tilapia, and the concentration of 30.0, 50.0 and 80.0 mg L−1 for one hour and 50 mg L−1 for
two hours exposures in pacu. Teﬂubenzuron did not present signiﬁcant toxicity in either species, with
LC50;48h > 1000.0 mg L−1. The drug effectiveness was observed against four identiﬁed Trichodina species:
T. magna, T. heterodentata, T. compacta and T. centrostrigeata, with 87.9% parasite reduction with one hour
exposure to 50.0 mg L−1 TFB on O. niloticus and 96.1% with two hours exposure to 50.0 mg L−1 TFB on
P. mesopotamicus. Teﬂubenzuron is a drug with potential to be used in Brazilian aquaculture; it attends
to important requirements, such as low toxicity and high eﬃcacy in controlling Trichodina spp. infection
in O. niloticus and P. mesopotamicus.
© 2015 Elsevier Inc. All rights reserved.
1. Introduction
Fisheries and aquaculture worldwide in 2013 reached 160million
tons of ﬁsh (FAO, 2014) and global production may continue to
grow. Brazil produces about 2 million tons of ﬁsh, with 40% farmed
ﬁsh. The species most widely produced in the country is the Nile
tilapia (Oreochromis niloticus), accounted for 46.62% of the nation-
al production and is farmed in the northeastern, southeastern and
southern regions, while the pacu (Piaractus mesopotamicus) is
created in the center west region and is the second most native
ﬁsh produced in the country, with 21689.3 tons in 2011 (Brazil,
2011).
Intensive ﬁsh farming is needed to satisfy the demand of the
market. However, this practice causes the lowering of ﬁsh immune
system and provides the occurrence of diseases caused by patho-
gens. The main ectoparasites are the monogenetic Gyrodactylidae
and Dactylogirydae and the ciliated protozoa Ichthyophthirius
multiﬁliis and Trichodina spp (Békési, 1992; Martins et al., 2000;
Tavares-Dias et al., 2001).
Trichodiniasis is a parasitic disease caused by a large group of
ciliate protozoan belonging to the Trichodinidae family. These or-
ganisms trigger an abrasive action in the host skin, causing a decrease
in ﬁsh health (Martins et al., 2011) and acute (Valladão et al., 2014)
or chronic (Valladão et al., 2013) tissue lesions, ﬁnally culminat-
ing in ﬁsh mortality and economic losses for ﬁsh farmers
(Abdel-Meguid, 2001).
Tavares-Dias et al. (2001) described a Trichodina sp. prevalence
at fee ﬁshings from Southeast Brazil. The authors also observed that
Leporinus macrocephalus, P. mesopotamicus and Cyprinus carpio were
the most susceptible species to the protozoa infestation, if com-
pared to tambacu (P. mesopotamicus × Colossoma macropomum),
Brycon cephalus, Tilapia rendalli and O. niloticus.
In Brazil, recent studies described the occurrence of ﬁsh infec-
tions by exotic trichodinid species (Pádua et al., 2012; Martins et al.,
2012; Valladão et al., 2013). Thus, it is important to implement clear
and rigid sanitary protocols to be followed by farmers importing
ﬁsh that will be used to populate national aquaculture.
Currently, few drugs are used against trichodinid infections (Balta
et al., 2008; Madsen et al., 2000); however, many of these chemi-
cal agents are toxic for the ﬁsh and presented unwanted risks for
non-target organisms (Kołodziejska et al., 2013). Studies looking for
new therapeutic agents that can eﬃciently prevent parasite infes-
tations, and present low risk to the environment and to the ﬁsh are
indispensable for the advancement of modern aquaculture.
Teﬂubenzuron (TFB) is an insecticide derived from urea;
it has a regulatory action on the growth of arthropods and crusta-
ceans (Daniel, 2009) and has been used against Lepeoph-
theirus salmonis (Branson et al., 2000) and Lernanthropus kroyeri
(Toksen et al., 2009). However, the anti-protozoan effects of
this drug have not yet been described in the literature. The
aims of this research were to determine the acute toxicity
(LC50;48h) of the TFB in O. niloticus and P. mesopotamicus and to
treat both species with trichodinids protozoan in laboratory
conditions.
2. Materials and methods
The experimental procedure was approved by the Ethics and
Animal Welfare (CEBEA), Faculty of Agricultural Sciences and
Veterinary Medicine, from the University of São Paulo State, UNESP,
SP, Brazil, under the protocol number 009823/11 which is consis-
tent with the ethical principles of animal experimentation adopted
by the Brazilian College of Animal Experimentation (COBEA).
2.1. Acute toxicity tests
Fish weighing 1.9 ± 0.17 g were acclimated for ten days in a bio-
assay room at 25 ± 2°C in tanks with 250 L capacity with aeration
and continuous water ﬂow. The animals were fed with commer-
cial feed containing 28% protein, once a day, at will. The pH was
maintained in 7.4 ± 1.97, dissolved oxygen 4.51 ± 0.54mg L−1 and elec-
trical conductivity 0.195 ± 0.01 μS cm−1.The smaller ﬁsh were used
for the toxicity assay because they are more sensitive to drug ex-
posure (ABNT. Associação Brasileira de Normas Técnicas, 2011).
In order to determine the teﬂubenzuron acute toxicity, fasted ﬁsh
(45 tilapias and 45 pacus) were exposed to concentrations of 700.0,
800.0, 900.0 and 1000.0mg TFB L−1 (Nomolt® 150 g L−1). Also, a control
with no application was installed. The tests were performed in trip-
licate, three ﬁsh per trial, in a static system, in 3 liters aquarium
ﬁlled with water (ABNT. Associação Brasileira de Normas Técnicas,
2011). The mortality rate, the clinical signs for drug toxicity and the
water physical-chemical parameters − pH, temperature (°C), elec-
trical conductivity (μS cm−1) and dissolved oxygen (mg L−1) − were
monitored at 0, 24 and 48 hours after treatment. The TFB toxicity
was classiﬁed according to Zucker (1985).
2.2. Parasitic infestation and trichodinids initial count
The average weight for pacu was 71.01 ± 4.34 g and for tilapia
was 103.37 ± 17.53 g. Groups of ﬁsh (120 each) belonging to the same
species weremaintained in tanks containing 400 liters of water with
low dissolved oxygen concentration (DO) (below 4.0 mg L−1), over-
load of organic matter, fed each 48 hours and periodic capture
simulations. Periodic samples from both species (n = 10) were sub-
mitted to body surface scraping and gills removal to quantify the
presence of parasites (Madsen et al., 2000). The parasite quantiﬁ-
cations were performed with complete integument scraping and
the removed gills were put on a glass slide when still fresh, and de-
termined by direct counting and light microscope observation
(1000× zoom).
Samples from the initial counting were identiﬁed according to
the protocol performed by Pádua et al. (2012).
2.3. Therapeutic treatment
There were 45 tilapias and 75 pacus used, randomly distrib-
uted in 60 liters boxes with continued water ﬂow and fed once a
day with 1.5 % of the total body weight. In order to determine the
optimum TFB concentration to treat the trichodiniasis in tilapia, we
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exposed the ﬁsh to 30.0 or 50.0 mg L−1 of the drug for the extent
of one hour. Pacu were exposed to 30.0, 50.0 and 80.0 mg L−1 of TFB
for one hour or to 50.0 mg L−1 for two hours. All treatments were
applied as therapeutic bath, with an interval of 24 hours, during
ﬁve consecutive days. The stock solution consisted of a known com-
mercial product volume added to water to obtain the desired
concentration.
The mortality was monitored daily during the experimental
period and the dead ﬁsh were removed from the experimental units.
The water physical-chemical variables were measured (YSI® model
556) in the days 1, 3 and 5 after TFB administration. In the sixth
day, ﬁsh (n = 10) that survivedwere submitted to body surface scrape
to isolate the parasites. The presence of trichodinids in the mucus
was determined by observation under light microscopy. The anti
parasite eﬃcacy was calculated using the following formula:
AE = 100 – [(D × 100)/A], where: AE is the anti-parasite eﬃcacy (%),
A is the trichodinid average before treatment, andD is the trichodinid
average after treatment. The survival rate was calculated with the
following formula: S = (SF × 100)/ TF, where: S is the survival rate
(%), SF is the number of living ﬁsh and TF is the total treatment ﬁsh
number.
The experimental designwas completely randomized (DCR) being
three treatments for tilapia and ﬁve for pacu. Experiments weremade
in triplicate, with ﬁve ﬁsh per trial, and a control group, all ma-
nipulated the same way. The trichodinids counts were submitted
to variance analysis (ANOVA) and the averages compared by Tukey
tests at 95% CI.
3. Results
3.1. Acute toxicity
There was no mortality registered in the acute toxicity tests for
either species and because of this, Teﬂubenzuron was considered
practically non-toxic (LC50 > 1000.0 mg L−1) (Zucker, 1985). The in-
toxication signs observed on both species were agitation and
opercular beat raised solely at the administration moment. The
exposed ﬁsh ascent to the water-air interface was also an intoxi-
cation sign. Moreover, the exposed pacu showed labial prolapsed.
In both tests, the DO varied from 4.47 ± 0.35 mg L−1 in control
to 1.47 ± 0.37mg L−1 in TFB treatment (1000.0 mg L−1) in tilapia; and
in the tests with pacu, from 3.3 ± 0.44 mg L−1 in control to
1.67 ± 0.44 mg L−1 in TFB treatment (1000.0 mg L−1). Teﬂubenzuron
also increased the electrical conductivity of thewater, which changed
from 0.185 ± 3.21 μS cm−1 in control to 0.241 ± 0.01 μS cm−1 in TFB
(1000.0 mg L−1) in the tests with tilapia; and from 0.195 ± 0.01 μS
cm–1 in control to 0.262 ± 0.01 μS cm−1 in TFB (1000.0 mg L−1) in the
tests with pacu. There was no change in the temperature or pH
during the acute exposure to TFB.
3.2. TFB eﬃcacy in infestation control
In the initial quantiﬁcation, pacu presented an average of
173.9 ± 80.4 Trichodina ﬁsh−1, while tilapia numbers were higher
than 300 Trichodina ﬁsh−1. No trichodinids were found on the gills.
The four Trichodina species were T. magna, T. compacta and
T. centrostrigeata on tilapia and T. heterodentata on pacu.
In tilapia, the reduction was 87.9%, from an average of 140.0 ± 1.4
parasite ﬁsh−1 in control to 17.0 ± 24.5 parasite ﬁsh−1 in ﬁsh exposed
to 50.0 mg TFB L−1 for one hour. In pacu, we observed a reduction
of 96.1%, with an average of 176.3 ± 80.9 parasite ﬁsh−1 in control
and 6.5 ± 10.64 parasite ﬁsh−1 after treatment with 80.0 mg L−1 for
one hour (Table 1). Tilapia survival during the eﬃcacy experi-
ments ranged from 60.0% to 90.0% in the groups treated with TFB,
whereas the ﬁsh from non-treated groups had a survival rate of only
13%. For pacu, the survival rate ranged from 86.0% to 100.0%, and
no mortality was observed in the non-treated group (Table 2).
There was no signiﬁcant change in the water variables during
the study. The observed values were as follows: average tempera-
ture: 27.13 ± 0.09°C and 27.71 ± 0.41°C; electrical conductivity:
0.175 ± 1.80 μs cm−1 and 0.181 ± 1.27 μs cm−1; DO: 1.64 ± 0.05mg L−1
and 1.98 ± 0.09 mg L−1; and pH: 8.3 ± 0.04 and 8.4 ± 0.04, for tilapia
and pacu tanks, respectively.
4. Discussion
The acute toxicity assay must be performed to the limit con-
centration of 100mg L−1. If nomortality occurs, it is possible to imply
with 99% conﬁdence that the studied organism is not in the most
sensible group to the tested substance (OECD, 2008). Even on con-
centrations ten times higher than the limit concentration, TFB
showed no ﬁsh mortality. Together with the results of the eﬃcacy
trials, it is possible to deduce the drug’s safety by observing its wide
therapeutic window. This low toxicity observed in ﬁsh is linked to
the absence of benzoylurea receptors, which are associated with
chitin synthesis in insects (European Food Safety Authority, 2008).
Teﬂubenzuron presented the same toxicity levels for neotropical and
temperate ﬁsh (Table 3), independently of exposure time.
The lip prolapse observed in P. mesopotamicus and the prefer-
ence for the surface waters shown by both species can be indications
of low dissolved oxygen in the water. This can be caused by an in-
crease of oxygen consumption by the ﬁsh or by the degradation of
TFB. Moreover, TFB degradation and consequent release of ﬂuo-
rine and chlorine ions in the water, together with accumulation of
excrement from the ﬁsh, caused increase in the water electrical con-
ductivity (Barreto et al., 2010), which may interfere with the oxygen
assimilation, homeostasis, and osmotic regulation in ﬁsh.
In this research, we observed that TFB showed better eﬃcacy
against four Trichodina species, identiﬁed according to Pádua et al.
(2012) as T. magna, T. compacta and T. centrostrigeata in tilapia and
T. heterodentata in pacu.
For P. mesopotamicus and O. niloticus, the dose, exposure time and
eﬃcacy observed in this study were satisfactory in controlling of
trichodinids. The increase in treatment interval with 50.0mg L−1 from
Table 1
Trichodinid counts in ﬁsh exposed to TFB.
TFB
concentration
(mg L−1)
Exposure
time (h)
P. mesopotamicus O. niloticus
Average ± SD Eﬃcacy
(%)
Average ± SD Eﬃcacy
(%)
0 1 176.3 ± 80.9 a 0.0 140.0 ± 1.4 a 0.0
30 1 110.8 ± 83.6 ab 62.8 23.1 ± 24.5 b 83.5
50 1 63.2 ± 64.2 b 64.1 17.0 ± 24.5 b 87.9
50 2 8.8 ± 14.5 c 94.7 - -
80 1 6.5 ± 10.6 c 96.1 - -
a,b,c Groups signiﬁcantly different according to Tukey tests (p < 0.05).
Please note that some experimental conditions were not evaluated.
Table 2
Total and daily mortality, and survival rates in ﬁsh exposed to TFB.
TFB
(mg L−1)
Time
(h)
O. niloticus P. mesopotamicus
1d 2d 3d 4d 5d TM S (%) 1d 2d 3d 4d 5d TM S (%)
0 - 0 2 2 4 4 12 13.3 0 0 0 0 0 0 100.0
30 1 0 0 3 1 2 6 60.0 0 0 2 0 0 2 86.7
50 1 0 0 1 0 0 1 93.3 0 0 0 0 0 0 100.0
50 2 - - - - - - - 0 0 1 1 0 2 86.7
80 1 - - - - - - - 0 0 0 0 0 0 100.0
Please note that some experimental conditions were not evaluated. d = day; TM = total
mortality; S = survival rate.
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1 to 2 hours in pacu resulted in better eﬃcacy. According to Mitchell
(1995), time of the treatment is the most important factor when
considering the eﬃcacy of a therapeutic treatment.
The use of 30.0 and 50.0 mg TFB L−1 provided an increment of
46.7e 80% in the survival of O. niloticus, respectively. This can rep-
resent signiﬁcant reductions in the economic losses associated
with trichodiniasis in farmed tilapia. The parasitic load was not
enough to cause death to the studied pacu, and the reduction of
T. heterodentata infestation by using TFB was observed (Table 1). The
tilapia control showed clinical signs of bacteriosis, which was pos-
sible to verify with the epithelial tissue observation scraped from
the dying ﬁsh (Carraschi et al., 2014).
Bacterial disease observed on the control group was caused due
to low immunity, which may have been triggered by the high par-
asitic infestation. In addition, these parasites are known to cause
abrasive injuries on hosts due to opportunistic infections by bac-
teria (Valladão et al., 2014).
Several types of therapeutic agents have been used in treat-
ments against protozoan in ﬁsh farming. Madsen et al. (2000) tested
30 substances against Trichodina jadranica on eel (Anguilla an-
guilla). Acriﬂavin, bitionol, Detarox AP®, fresh squeezed raw garlic,
malachite green, potassium permanganate and Virkon PF® Vet were
100% effective. However, Chloramine T and potassium permanga-
nate were toxic to eels on therapeutic concentrations, even being
totally or partially effective. Balta et al. (2008) also observed form-
aldehyde and potassium permanganate eﬃcacy against Trichodina
spp. in three trout species. Moreover, trichlorfon and chloramine-T
were not effective on Trichodina spp. control in O. mykiss, Salvelinus
fontinalis or S. trutta fario (Balta et al., 2008); however, these ther-
apeutic agents are demonstrated to be highly toxic to aquatic
organisms and are not registered by MAPA (Ministry of Agricul-
ture, Livestock and Supply) for use in Brazil.
For trichodinids taxonomic studies, nitric acid is used to remove
the soft material and release the adhesive disc (Gaze and Wootten,
1999; Kruger et al., 1993). The acid is known to soften chitin and
keratin, acting as evidence for the presence of these compounds or
a similar one on the protozoan’s structure. Thus, the eﬃcacy of TFB
may be explained because it is an insecticide which inhibits the syn-
thesis of chitin. However, further research about the characterization
of the protozoan structures and the TFB’s mode of action for
trichodinids is required.
5. Conclusion
Teﬂubenzuron is a drug with potential to be used in Brazilian
aquaculture; it attends to important requirements, such as low
toxicity and high eﬃcacy in controlling Trichodina spp. infection in
O. niloticus and P. mesopotamicus.
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